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 NH9ZKLFK DUH WKH VLJQDWXUHV RI LQHODVWLF QHXWURQ
VFDWWHULQJRQ*HDQGFRPPHQWRQLWVVXLWDELOLW\IRUGHWHUPLQDWLRQRIWKHIDVWQHXWURQIOX[LQJHQHUDODQG
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
1HXWURQVLQGXFHDQXPEHURIQXFOHDUUHDFWLRQVRQVWDEOHLVRWRSHVRIJHUPDQLXPZKLFKSURGXFHFKDUDFWHULVWLF
VLJQDWXUHV LQ WKH VSHFWUD RI JHUPDQLXP GHWHFWRUV 7KHVH KDYH EHHQ VWXGLHG LQ JUHDW GHWDLO ZLWK WKH DLP WR
HLWKHU LPSURYH RQ WKH NQRZOHGJH RI EDFNJURXQG VSHFWUD RI JHUPDQLXP GHWHFWRUV RU IRU GHWHUPLQDWLRQ RI
QHXWURQ IOX[HV DW WKHSRVLWLRQRI WKHGHWHFWRU 6WHOVRQ HW DO âNRUR HW DO :RUGHO HW DO 
)HKUHQEDFKHU HW DO  *HWH HW DO  6LLVNRQHQ DQG 7RLYRQHQ  /MXQJYDOO DQG1\EHUJ
 $EW HW DO  $WDo HW DO  -RYDQþHYLü HW DO  6RPH RI WKH VWXGLHV GHDOW ZLWK
HQYLURQPHQWDO QHXWURQV RI FRVPLFUD\ RULJLQ ZKLOH VRPH XVHG GLIIHUHQW QHXWURQ VRXUFHV PRVWO\ ZLWK WKH
ILVVLRQVSHFWUXP7KHILQGLQJVZHUHTXLWHVLPLODULUUHVSHFWLYHRIWKHRULJLQRIWKHQHXWURQV:HXQGHUWRRNWKH
WLPHGLIIHUHQWLDWHGVWXG\RIVRPHRIWKHVHSURFHVVHVLQGXFHGE\&IILVVLRQQHXWURQVLQRUGHUWRJDLQVRPH
LQVLJKWLQWRWKHG\QDPLFVRIQHXWURQLQGXFHGEDFNJURXQGLQWKHGHWHFWRUVWKHPVHOYHVDVZHOODVLQWKHLUXVXDO
HQYLURQPHQWV

7KHH[SHULPHQW
2XUH[SHULPHQWDOVHWXSFRQVLVWVRIDVPDOOYROXPHOLWUHV OLTXLGVFLQWLOODWRU1(GHWHFWRUSODFHGLQD
VWHHO FRQWDLQHU DQG D  HIILFLHQF\ FRD[LDO KLJKSXULW\ JHUPDQLXP +3*H GHWHFWRU SRVLWLRQHG DV
VFKHPDWLFDOO\SUHVHQWHGLQ)LJ


)LJ7KHOD\RXWRIWKHH[SHULPHQWYLHZIURPDERYH

7KH PDWHULDOV ZKLFK VXUURXQG WKH GHWHFWRUV LQ WKH H[SHULPHQWV LQFOXGH OHDG SDUDIILQ K\GURJHQ ERURQ
FDGPLXP DOXPLQLXPDQG LURQ7KH HQFDSVXODWHG &I VRXUFHKDG D VWUHQJWKRI DERXW QHXWURQV LQS
VUV 2Q WKHLU ZD\ WRZDUGV WKH +3*H GHWHFWRU WKH QHXWURQV WUDYHUVH WKH  FP WKLFN OD\HU RI 1( 7KH
GLVWDQFHEHWZHHQWKHHQGFDSRIWKH1(ZKLFKIDFHVWKH+3*HGHWHFWRUDQGWKHFORVHVWSRLQWRIWKH+3*H
GHWHFWRULVFP)DVWQHXWURQVZLWKHQHUJLHVKLJKHUWKDQ0H9ZKLFKOHDYHWKH1(GHWHFWRUWRZDUGV
WKH+3*HGHWHFWRUWDNHOHVVWKDQQVWRUHDFKWKLVGHWHFWRUZKLOHWKHQHXWURQVZKLFKVWDUWDVWKHUPDOWDNH
DERXW PV0DMRULW\RI QHXWURQVZKLFK VORZGRZQRQ WKHLUZD\ WRZDUGV WKHGHWHFWRU WDNH VRPHWKLQJ LQ
EHWZHHQWKHVHWZRYDOXHVEXWFHUWDLQO\FORVHUWRWKHORZHURQH7KHSUHDPSOLILHURXWSXWVRIERWKGHWHFWRUVDUH
IHGWRWKHWZRRXWRIIRXULGHQWLFDOLQSXWVRIWKHIODVK$'&XQLWRIWKH&$(11%W\SH,WFDQSHUIRUP
OLNHDGLJLWDOVSHFWURPHWHUFDSDEOHWRRSHUDWHLQWKHOLVWRUWKHHYHQWE\HYHQWPRGH)RUHYHU\DQDO\VHGHYHQW
WKH WLPHRI LWVDSSHDUDQFHRYHU WKH WULJJHULQJ OHYHO LV UHFRUGHGZLWKQV UHVROXWLRQZKLOH LWVDPSOLWXGH LV
GLJLWL]HGDQGUHFRUGHGLQRQHRIWKHDYDLODEOHNFKDQQHOV7KLVHQDEOHVWRRIIOLQHFRLQFLGHWKHHYHQWVRI
JLYHQDPSOLWXGHVZLWKQVUHVROXWLRQ7KHVRIWZDUHWKDWSURGXFHVDQGDQDO\VHVWKHWLPHVSHFWUDZKLFKDUH
HTXLYDOHQWWRKDUGZDUH7$&VSHFWUDLVHQWLUHO\KRPHPDGH

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7KHUHVXOWV
7KH VLQJOHV VSHFWUXP RI 1( VHUYHV SUDFWLFDOO\ RQO\ DV D WULJJHU IRU WKH +3*H VSHFWUXP 7KH VLQJOHV
VSHFWUXP RI WKH LQ WKLV FDVH OLJKWO\ VKLHOGHG JHUPDQLXP GHWHFWRU FRQVLVWV RI WKH FRUUHVSRQGLQJO\ ULFK
HQYLURQPHQWDO EDFNJURXQG VSHFWUXP RI WKH JDPPD UD\V JLYHQ RII E\ WKH FDOLIRUQLXP VRXUFH DQG RI WKH
GLIIHUHQW IHDWXUHV LQGXFHG E\ ILVVLRQ QHXWURQV RI FDOLIRUQLXP LQ WKH+3*H GHWHFWRU DQG LQ WKH VXUURXQGLQJ
PDWHULDOV ,W VWUHWFKHV XS WR VRPH 0H9:H VKDOO KHUH GHDO RQO\ ZLWK VRPH LQWHUHVWLQJ SRUWLRQV RI WKLV
VSHFWUXPWKDWDUHFRLQFLGHQWZLWKGLIIHUHQWGHOD\WLPHVZLWKWKH1(VSHFWUXP
(IIHFWVLQWKHHQYLURQPHQW
7KHWLPHVWUXFWXUHRIWKHVLJQDWXUHVRIWKHHIIHFWVZKLFKQHXWURQVLQGXFHLQVXUURXQGLQJPDWHULDOVLQ
RXU+3*HVSHFWUDLVSDUWLFXODUO\VLPSOHDQGLOOXVWUDWLYH$OOWKHHIIHFWVLQGXFHGE\IDVWQHXWURQVZKLFKZHVHH
PRVWO\ WKH LQHODVWLF VFDWWHULQJ WHQG WR IDOO LQWR WKH SURPSW SHDN RI RXU WLPH VSHFWUXP ZKLOH WKH HIIHFWV
LQGXFHGE\VORZQHXWURQVPRVWO\FDSWXUHUHDFWLRQVIDOOLQWRWKHYHU\ORQJWDLORIGHOD\HGFRLQFLGHQFHV7KH
FRPSOHWHQHVVRIWKLVVHSDUDWLRQLVSHUKDSVEHVWLOOXVWUDWHGE\WKHFDVHVRIERURQDQGLURQ)LJDSUHVHQWVWKH
SRUWLRQRIWKH+3*HVSHFWUXPWKDWFRQWDLQVWKHNH9'RSSOHU±ZLGHQHGOLQHIURPWKHQDUHDFWLRQRQ%
ZKLOH )LJE GHSLFWV WKH SDUW RI WKH VSHFWUXPZLWK WKH  NH9 OLQH IURP Q Q¶ UHDFWLRQ RQ )H IRXQG
PRVWO\ LQ WKH1( FDVLQJ 7KH ILUVW UHDFWLRQ KDV WKH KLJK FURVV VHFWLRQ IRU WKHUPDO QHXWURQVZKLOH WKH
VHFRQG LV LQGXFHG E\ QHXWURQ HQHUJLHV KLJKHU WKDQ DERXW 0H97KH GLIIHUHQFH EHWZHHQ WKH WZR FDVHV LV
VWULNLQJWKHNH9VWUXFWXUHLVSUHVHQWRQO\LQWKHVSHFWUXPRIGHOD\HGFRLQFLGHQFHVDQGRQLWVSODFHLQWKH
SURPSWVSHFWUXPWKHZHDNOLQHVIURPWKHGHFD\RIFDOLIRUQLXPDSSHDUZKLOHWKHVWURQJOLQHRINH9H[LVWV
RQO\LQWKHSURPSWVSHFWUXPDQGLVFRPSOHWHO\DEVHQWLQWKHGHOD\HGVSHFWUXP


)LJ7KHSURPSWGHOD\HGXSWRVDQGUDQGRPFRLQFLGHQFHVSHFWUDRIWKHNH9OLQHIURPWKHUHDFWLRQRQERURQDDQGRIWKH
NH9OLQHIURPWKHUHDFWLRQRQLURQE7KHOLQHDWNH9LVIURPQHXWURQFDSWXUHRQ*H1RWHWKDWWKHILUVWVFDOHLVOLQHDUZKLOH
WKHVHFRQGRQHLVORJDULWKPLF

1RZWKHFDVHRIFDGPLXPEHFRPHVLQVWUXFWLYH)LJXUHLVVDPHDV)LJEXWIRUWKHSRUWLRQRIWKHVSHFWUXP
FRQWDLQLQJWKHPRVWSURPLQHQWOLQHRINH9IURPWKHDVVXPHGWKHUPDOQHXWURQFDSWXUHRQ&G
7KHSURPSWOLQHLVPXFKPRUHLQWHQVHWKDQWKHGHOD\HGRQH LPSO\LQJWKDWIRUWKHVRPHZKDWKDUGHUQHXWURQ
VSHFWUXPZKLFKZHKDYHLQWKLVFDVHDVFRPSDUHGWRWKHRQHLQWKHFDVHZKHQWKHERURQDEVRUEHULVSUHVHQW
WKHQQ¶UHDFWLRQRQ&GFRQWULEXWHVPXFKPRUHWRWKHLQWHQVLW\RIWKHNH9OLQHWKDQWKHFRPPRQO\
DVVXPHGQHXWURQFDSWXUHE\&G7KHUDWLRRIWKHSURPSWDQGGHOD\HGLQWHQVLWLHVFRXOGWKXVLQSULQFLSOHVHUYH
DVDVLPSOHHVWLPDWHRIWKHUHODWLYHKDUGQHVVRIWKHQHXWURQVSHFWUXP
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7KHVWUXFWXUHDW(J NH9
7KH TXDVLWULDQJXODU VWUXFWXUH VWDUWLQJ DW  NH9ZKLFK LV GXH WR LQHODVWLF QHXWURQ VFDWWHULQJ RQ WKH ILUVW
H[FLWHG VWDWH RI *H KDV EHHQ VWXGLHG PDQ\ WLPHV DQG LQ JUHDWHVW GHWDLO >@ 7KH  NH9 VWDWH LV DQ
LVRPHULFVWDWHZLWKDKDOIOLIHRIQVDQG WKHGHSRSXODWLQJUDGLDWLRQ LVSXUH(PHDQLQJ WKDWGHWHFWLRQ
HIILFLHQF\IRUWKHNH9UDGLDWLRQLVSUDFWLFDOO\DOZD\V7KLVWUDQVLWLRQHQHUJ\VXPVZLWKWKHUHFRLO
HQHUJ\IURPQHXWURQVFDWWHULQJZKLFKGHSHQGVRQWKHLQFLGHQWQHXWURQHQHUJ\DQGWKHVFDWWHULQJDQJOHDQGLV
UHGXFHGE\WKHSXOVHKHLJKWGHIHFW7KHVKDSHRIWKHUHVXOWLQJVSHFWUDOGLVWULEXWLRQKDVEHHQVWXGLHGLQGHWDLO
PRVWO\EHFDXVHWKHLQWHQVLW\RIWKLVGLVWULEXWLRQKDVEHHQIUHTXHQWO\XVHGWRHVWLPDWHWKHIDVWQHXWURQIOX[DW
WKHSRVLWLRQRIWKHGHWHFWRUâNRURHWDO:RUGHOHWDO)HKUHQEDFKHUHWDO-RYDQþHYLüHW
DO


)LJ6DPHDV)LJEXWIRUWKHNH9OLQHLQGXFHGE\QHXWURQVRQ&G


7KH WLPH VWUXFWXUHRI WKHNH9GLVWULEXWLRQ FDQEH VHHQ LQ)LJ  ,W LV VHHQ WKDW LQ WKHSURPSW
VSHFWUXPZKHUHWKHVSHFWUDOEDFNJURXQGLVTXLWHKLJKWKHWLPHLQWHUYDOQDUURZDQGWKHLQWHQVLW\RIWKH
NH9 UDGLDWLRQ FRQVHFXWLYHO\ ORZ WKH VWUXFWXUH LV EDUHO\ GLVFHUQLEOH 2Q WKH RWKHU KDQG LQ WKH GHOD\HG
VSHFWUXPKHUHXSWRPVZKHUHWKHVSHFWUDOEDFNJURXQGLVYLUWXDOO\DEVHQWWKHVWUXFWXUHKDVWKHSURQRXQFHG
DQGW\SLFDOWULDQJXODUIRUP
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
)LJ6SHFWUDRISURPSWGHOD\HGDQGUDQGRPFRLQFLGHQFHVSUDFWLFDOO\QHJOLJLEOHFRQWDLQLQJWKHVWUXFWXUHRINH9IURPLQHODVWLF
QHXWURQVFDWWHULQJRQ*H

1RZLIZHWDNHWKHNH9ZLGHVRIWZDUHJDWHVRDVWRIXOO\HPEUDFHWKLVVWUXFWXUHFI)LJDQGILQGWKH
FRUUHVSRQGLQJWLPHVSHFWUXPRIFRLQFLGHQFHVZLWKWKHHQWLUH1(VSHFWUXPZHREWDLQWKHWLPHVSHFWUXP
SUHVHQWHGLQ)LJD7KHWLPHVSHFWUXPLVFRUUHFWHGIRUDPSOLWXGHZDONDFFRUGLQJWRWKHSURFHGXUHGHVFULEHG
LQ3X]RYLüDQG$QLþLQ7KHILW WKURXJK WKHQLFHO\H[SRQHQWLDO WDLORIGHOD\HGFRLQFLGHQFHV)LJE
\LHOGVDWWKH&/WKHKDOIOLIHRIQVZKLFKFRPSDUHVVDWLVIDFWRULO\ZLWKWKHHVWDEOLVKHGYDOXHRI
QV7KLVMXVWLILHVWKHXVHRIWKHLQWHQVLW\RIWKLVGLVWULEXWLRQIRUIDVWQHXWURQIOX[HVWLPDWLRQLQWKHFDVHRI
GLJLWDO VSHFWURVFRS\ DV ZHOO 7KH WUHDWPHQW RI WKH EHORZWKHWULJJHULQJOHYHO SXOVHV LQ D JLYHQ GLJLWDO
VSHFWURVFRS\V\VWHPLVHVVHQWLDO LQWKLVUHVSHFW7KHFRQGLWLRQLV WKDW WKHWKUHVKROGLVKLJKHQRXJKWROHWDOO
WKHUHFRLOSXOVHVVXPZLWKWKHNH9SXOVHV


)LJ7KH³WULDQJXODU´ VWUXFWXUHDW(J NH9 LQ WKHQRQJDWHG+3*HVSHFWUXPIURP WKHLQHODVWLFQHXWURQVFDWWHULQJRQ *H7KH
SRVLWLRQRIWKHNH9ZLGHVRIWZDUHJDWHZKLFKLVXVHGWRSURGXFHWKHWLPHVSHFWUXPVKRZQLQ)LJLVDOVRVKRZQ

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
)LJ7LPHVSHFWUXPRIGHOD\HGFRLQFLGHQFHVRIWKHNH9VWUXFWXUHZLWKLQWKHJDWHVKRZQLQ)LJZLWKWKHHQWLUH1(VSHFWUXP
DZKLFK\LHOGVWKHKDOIOLIHRIWKHNH9VWDWHRIQVDVVKRZQLQE
)LQDOO\ZH WRRNDQGDQDO\VHG WKHGLUHFW+3*HFDOLIRUQLXP VSHFWUXP LQ WKH VRFDOOHGRVFLOORJUDPPHPRGH
ZKHQ WKH SXOVHV DUH VDPSOHG DW  QV LQWHUYDOV VWDUWLQJ DW WKH JLYHQ QXPEHU RI SRLQWV EHIRUH WKH GHILQHG
WULJJHU OHYHO7R LOOXVWUDWHZHSUHVHQW LQ)LJ  WKHSXOVHZLWK WKH DPSOLWXGH WKDW FRUUHVSRQGV WRNH9
SUHFHGHGE\LWVFRUUHVSRQGLQJUHFRLOSXOVH)LUVWO\ZHSURGXFHGWKHGLVWULEXWLRQRIWLPHLQWHUYDOVEHWZHHQWKH
DSSHDUDQFHRIWKHUHFRLODQGNH9SXOVHV


)LJ7KHMRLQWSXOVHVGXHWRWKHUHFRLORIWKHH[FLWHG*HDQGWKHGHH[FLWLQJNH9UDGLDWLRQVHSDUDWHGRQWKHDYHUDJHIRUWKHPHDQ
OLIHWLPH RI WKH NH9 VWDWH 7KH GLVWULEXWLRQ RI WKHVH WLPH LQWHUYDOV \LHOGV  WR QV IRU WKH KDOIOLIH RI WKLV VWDWH LQ H[FHOOHQW
DJUHHPHQWZLWKWKHDFFHSWHGYDOXH

:HSURGXFHWKHVSHFWUXPLQWKHNH9UHJLRQE\WKHDOJRULWKPWKDWGHILQHVWKHEDVHOLQHDIWHUVXEWUDFWLQJ
WKHFRUUHVSRQGLQJ UHFRLOSXOVH7KLV IRU WKH ILUVW WLPHSURGXFHV WKHQRUPDO OLQHDWNH9 LQVWHDGRI WKH
FRPPRQVXPPLQJVWUXFWXUH)LJWREHFRPSDUHGZLWK)LJ7KHLQWHJUDORIWKHOLQHHTXDOVWKHLQWHJUDORI
WKHVWUXFWXUH7KLVDGGLWLRQDODQDO\VLVYDOLGDWHVRXUHDUOLHUFRQFOXVLRQVFRQFHUQLQJ WKHVXLWDELOLW\RI WKH
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NH9VWUXFWXUHIRUWKHGHWHUPLQDWLRQRIWKHIDVWQHXWURQIOX[DWWKHSRVLWLRQRIWKHGHWHFWRU


)LJ7KHVSHFWUDOOLQHDWNH9IURPWKHGHH[FLWDWLRQRIWKHILUVWH[FLWHGVWDWHRI*HREWDLQHGE\VXEWUDFWLRQRIWKHDGMRLQHGUHFRLO
SXOVHV7KLVFRPSDUHVZLWKWKHVWUXFWXUHLQ)LJZKLFKUHVXOWVIURPWKHVWDQGDUGGLJLWDOVSHFWURVFRS\DOJRULWKPIRUEDVHOLQHFRUUHFWLRQ
,QERWKFDVHVWKHLQWHJUDORIWKHGLVWULEXWLRQVFRQWDLQVDOOWKHHYHQWVLQGXFHGE\IDVWQHXWURQVRQ*H

&RQFOXVLRQ
:HPHDVXUHGWKHWLPHGLIIHUHQWLDWHGVSHFWUXPRIWKH&IVRXUFHDVVHHQE\DQ+3*HGHWHFWRUWULJJHUHGE\
WKH 1( OLTXLG VFLQWLOODWRU GHWHFWRU 7KH GHWHFWRUV ZHUH RIIOLQH FRLQFLGHG IURP WKH HYHQWE\HYHQW OLVW
IRUPHGZLWKQVUHVROXWLRQE\WKHTXDG)$'&XQLWRIWKH&$(11%W\SH:HWHVWHGWKHZRUNLQJVRI
WKH V\VWHPRQDQXPEHURIHIIHFWV JHQHUDWHGE\QHXWURQVDQG IRXQG WKH WLPH UHVROXWLRQ VDWLVIDFWRU\ IRU WKH
SXUSRVH7KHVLJQDWXUHVRIWKHSURFHVVHVLQGXFHGE\IDVWDQGVORZQHXWURQVERWKZLWKLQWKHGHWHFWRULWVHOIDQG
LQ LWV HQYLURQPHQW DSSHDU FRPSOHWHO\ VHSDUDWHG 7KH SURFHVVHV LQGXFHG E\ IDVW QHXWURQV DUH IRXQG LQ WKH
SURPSW SDUW RI WKH WLPH VSHFWUXP DQG WKRVH LQGXFHG E\ WKHUPDO QHXWURQV LQ WKH ORQJ WDLO RI GHOD\HG
FRLQFLGHQFHV:HILQGWKHLQWHQVLW\RIWKHVWUXFWXUHDWNH9VWUXFWXUHUHPDLQVVXLWDEOHIRUWKLVSXUSRVHHYHQ
LQGLJLWDOVSHFWURVFRS\LIWKHWKUHVKROGLVKLJKHUWKDQVRPHWRNH9DQGWKHJHUPDQLXPUHFRLOSXOVHVDUH
OHWWRVXPZLWKWKHNH9SXOVHV

$FNQRZOHGJPHQWV
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